The Master Equation for M Coupled Populations
The dynamics of disease transmission, recovery, and dispersal of individuals is schematically given by where the index i = 1, ..., M labels the populations. The entire dynamics is defined by this set of 2M (M + 1) reactions. The 2M -component vector X = {S 1 , I 1 , ....S M , I M } specifies the stochastic state of the system, and the probability density function p(X, t) obeys a combinatorial master equation ∂ t p(X, t) = X w(X|X ) p(X , t) − w(X |X) p(X, t), [2] which is defined by the probability rate w(X|X ) of making a transition from state X to X. For the process defined by Eq. 1, this master equation reads explicitly
Along with an initial condition p(X, t = 0), this defines the temporal evolution of the process. The first two terms on the right account for disease transmission in each population, the third and fourth terms account for recovery from the disease in each population, and the last four terms describe probabilistic dispersal among the populations. A realization X(t) of the process defined by Eq. 3 represents the time course of an epidemic in the entire network of populations.
Input Data and Model Structure
Here we present in detail the modeling of severe acute respiratory syndrome (SARS) on the aviation network. The model consists of two parts, as illustrated in Fig. 5 : the local infection dynamics and the traveling dynamics on the aviation network.
The aviation network
We have analyzed the global aviation traffic among the 500 largest airports. Table 2 depicts the raw data used to estimate the global traveling of individuals. Each flight f is specified by its departure i D (f ) and arrival i A (f ) airport, the aircraft type t(f ), and the days of the week on which the flight operates. The average number of passengers m(f ) that are transported by flight f per day from airport
where n Op (f ) is the number of days the flight operates per week. Apart from long time variations, two international flight schedules alternate: a summer and a winter schedule. The flights within each schedule repeat after 1 week. C t(f ) is the capacity (i.e., the number of passengers) of the aircraft type that operates along flight f , which is unambiguously identified by its International Air Transportation Association (IATA) aircraft code. The total number of passengers per week that travel from airport i to j is
where the sum runs over all flights of the aviation network.
Simulation and epidemiological determinants of SARS
The local infection dynamics is based on a stochastic metapopulation compartmental model for each region. A stochastic model is required, because fluctuations in case numbers can be large especially in the early stages of an epidemic. A schematic flow diagram of the transmission model is shown in Fig. 5B . In each region, we classify the population into susceptible, latent, infectious, and removed. Here, the removed class includes recovered, hospitalized, and deceased individuals. Multiple realizations of the stochastic model are required to estimate expectation values and the size of the fluctuations. Susceptible individuals S i become infected and enter a latent stage L i . They then progress to an infectious phase I i . It is assumed that every infected individual eventually enters a hospital, dies, or recovers and thus does not participate in the dynamics any longer. Each region i in the global model uses the same classification of individuals. Furthermore, we assume the dynamics between the classes to be the same for all regions. The dynamical equations are closed by specifying the waiting time distribution in each class and the basic reproduction number ρ 0 . For SARS, the waiting time distributions within the classes have been investigated in great detail for Hong Kong(1, 2). Fig. 6A shows the distributions of times from the initial infection to the onset of symptoms τ IO . The time from the onset of symptoms to admission τ OA is shown in Fig 6B. Both times together give the infection to admission time τ IA = τ IO +τ OA . The distribution of latent times is not well known. We assume it to range from 2 to 3 days. It remains to be specified how many transmissions an infected causes, on average, while being infectious. In our simulations, we assume that infections occur one at a time and infection times are independent. Then the infection process is characterized by the basic reproduction number ρ 0 , which for SARS, lies between 2.2 ≤ ρ 0 ≤ 3.7 during the early stages of the outbreak in Hong Kong, February 2003 (2) . Similar values have also been estimated for Singapore (3). Due to interventions, infection control, and quarantine, the basic reproduction number was reduced from the initial high to a value < 1 (see figure. 2C in ref. (2) ).
The 
Results of the Simulations
The results of our simulations are summarized in Table 3 , together with the corresponding World Health Organization (WHO) data. Column 4 contains the outcome of the simulations and should be compared to the WHO data presented in column 2. In addition to the full simulation, we also investigated the spread of SARS for a model that neglects the stochastic infection dynamics outside the initial outbreak area. The results are presented in column 8. It is evident, that for countries with a high number of infecteds, this approximation fails. However, it is a good approximation for countries with a small number of infecteds. The expected number of infecteds predicted by our model is estimated by averaging over 1000 realizations of the stochastic model. The range defined by column 6 and 7 was computed by means of the fluctuation range measure η (i.e., Eq. 8). Column 8 and 9 show the average number of infected individuals and the estimated fluctuation range η D of a modification of the model that neglects the stochastic infection dynamics outside the initial outbreak area.
